Abstract-In order to improve the resource utilization in asymmetric wireless networks, a novel dynamic resource access algorithm was presented. As the asymmetry of information and the locality of users' actions in distributed wireless networks, the resource access problem was expressed as a simple graphical game model. Let the graphic topology indicate the internal game structure of the realistic environment. Then the Nash equilibrium was got by minimizing the individual regret instead of the system regret. The proposed algorithm realized efficient resource access through exchanging the active information and regret in the competitive community. Theoretical analysis and simulation results show that the algorithm can converge to a suitable pure strategy Nash equilibrium point quickly with less amount of calculation, avoids conflict effectively, and improves the system capacity and power utilization especially in the condition of insufficient resources.
INTRODUCTION
Dynamic resource access can be viewed as opportunistic spectrum access which has attracted more and more concern in cognitive radio. With the increase of multimedia services [1] [2] , dynamic resource access is considered to be an effective way to solve the problem of scarcity of resources and get widespread attention [3] .
For a single user communication system, key issue is the perception of the available spectrum or channel resources. Once the spectrum holes are found, the user will be able to transfer data efficiently. However, for multi-user communication networks, there may be two or more users who sense and access the same channel. Then if in distributed wireless network without central control, they are likely to conflict with each other and adversely affect. Such a procedure is illustrated in Fig. 1 , where three users access an access point via three channels. Therefore, it is necessary to study the resource access issues in multi-user and multi-channel distributed wireless networks.
In distributed wireless networks, the users' behaviors, not only affect the changes of the environment, but also affect the behavior and utility of other users [4] - [6] . Game theory can effectively analyze the users' behavior characteristics [7] - [9] . Game theory, such as cooperative game, welfare economics and bargaining theory are applied to achieve a fair and efficient resource access [10] [11] [12] . Another method is enabling the users obtain the optimal solution by learning without information exchange [13] [14] . For a more efficient access of limited resources in a complex environment, no-regrets learning [15] [16] and sub-gradient algorithm [17] is used to solve Nash equilibrium and optimize the system solution. However, using traditional game model to solve the competitive resource access is usually an NP-C or NPhard problem [18] . The size and amount of computation increase exponentially with the number of users.
Graphical game has been developing in recent years [19] [20] , to study the competition game of spectrum sensing and auction-based spectrum sharing mechanism [21] in cognitive radio networks. Husheng Li adopted graphical game model to explore the Nash equilibrium points from the perspective of interference range in [22] . In the case of exchangeable information, using the p-CSMA mechanism which sacrifices access opportunities receives the higher energy utilization. However, Mixed Nash equilibrium solved by gradient algorithm allows the system to lower capacity. Reference [23] is inspired by local cooperative behavior in biological systems, a community cooperation mechanism (CCM) is proposed to improve the efficiency of the game. But the adopted SAP algorithm [24] performance depends on the update of the learning factor and implicit central node update strategy selection, and the convergence speed is slowish. This paper proposes a novel resource access algorithm which bases on the information asymmetry between the users and models the user's strategy update process through graphical game theory in distributed wireless network. The factors of information asymmetry include not only the geographical position, interference range, but also the permission of resource access, social environment of the roles and relationships and the ability of information acquisition. This algorithm only needs exchange the users' behavior information and regret information in a local network where direct competition exists between users, and uses the properties of exact potential game to minimize the system regret. Exploring pure strategy Nash equilibrium points without conflict, the algorithm proposed realizes the effective dynamic resource access, and improves the system capacity and power utilization in distributed wireless network.
The remainder of this paper is organized as follows. System model is introduced in Section II. Dynamic resource access algorithm is proposed in Section III. Simulation results and conclusions are provided in Sections IV and V.
II. SYSTEM MODEL

A. Graphical Game Framework based on Information Asymmetry
For a distributed wireless network, the strategy formation mechanism is usually based on the assumption that all the interactions (learning, their strategies, the actions and the rewards) of users are related. However, this assumption is not appropriate in many environments. Firstly, this assumption is too strict to fit the practical situation for larger network coverage, for example, the one based on the strategy formation mechanism of power. Secondly, if the process is based on this hypothesis, the strategy space and the joint action space will increase exponentially, and the number of users in network is usually very large, which leads to the unrealistic of learning mechanism.
In the context, we cannot indicate users' competitive relationship completely only by the interference range or geographic relationship. For example, if users' sensory abilities are different, then they may perceive different resources, so they don't have competitive relationship in the same physical position. So considering the asymmetry of environmental information, we simplify the problem into a simple graphical game in this article. Using graphic topology indicates the internal game structure of the real environment. The definition of the graphical game element such as utility and strategy space, only need to consider the net users which have rival relationships; therefore, the rival relation topology of users changes from the mesh into sparse network.
Dynamic resource access based on graphical game is depicted in Fig. 2 ( , ) i j E  , it means that they can exchange information directly and their decisions affect each other. The connection topology is called relation topology which is completely arbitrary. Because of the direct competition relations, users cannot access the same resource at the same time, otherwise it will collide. Meanwhile, assume that the user of the communication range and the interference range is equal. Furthermore, each user has information regarding only its local connection topology. However, we observed that if the user l does not belong to i J () i lJ  , then his action will not have an impact on the utility of the user i ,i.e., ( , ) ( , )
By (2), we know that each user only has competitive relationship with his neighbours. That is to say, every user will only interplay with users in his own community. So using graphical game theory, we can remove the irrelevant users, which effectively reduces the dimension, complexity of the game problem and improves the rate of convergence.
Without loss of generality, the following are considered in this work:
 Users can sense all the resource and select one resource for transmission, but due to the differences of the user's location and the ability of sensing, the sensing results of different users on the same resource can be not the same.
Definition 2 Graphical game
: 
is an exact potential game which has at least one pure strategy NE point in this paper.
Proof:
We construct the potential function ( ) 
Since , , 
Combining the above (6)- (8),we have
According to the definition of exact potential game [16] , is a exact potential game. Every potential game has at least one pure strategy NE. Hence, Theorem 1 follows.
III. ALGORITHM PRICIPLE AND PROCESS OF RESOURCE ACCESS
A. Algorithm Principle
At a certain stage, the user's action The definition of system regret is the sum of all the users' regret. By the proof of Theorem 1 shows the graphical game is an exact potential game. Users' regret value is reduced, making the system regret value will also (12) According to the definition, the optimal strategy is a global optimal which is objective, but it is not always able to obtain. For example, the optimal strategy is not a Nash equilibrium point.
Theorem 2.
The optimal strategy is a pure strategy Nash equilibrium in the graphical game .
is an optimal strategy, we have:
Suppose that opt a isn't a NE. Thus, , According to the definition of exact potential game, we have: UU  a a a A (14) There is a contradiction between (13) and (14) . Therefore,
is a NE point. Hence, Theorem 2 is proved.
As Theorem 2 illustrates, the best strategy is a pure strategy rather than a mixed equilibrium and users can achieve the best resource access through solving graphical game model presented in this paper with the game. However, new problems are when does the game have more than one pure strategy Nash equilibrium and how fast can it converge to a better pure Nash equilibrium point.
B. Analysis of NE
We use q to define the user number of the biggest mesh network in the whole net. When mq  , all the users can get access to the resources without conflict, on the contrary, there must be conflicts. Because if the relationship network form a mesh network, any of the resource get by users shall be different, so when the number of resource is smaller than the number of users in the mesh net, there will be conflict. The iterative process of the dynamic resource access algorithm is shown in Table I . Theorem 3.use the new algorithm proposed in this paper to choose channel. When mq  , it'll surely get a non-conflict pure strategy Nash equilibrium point.
Proof: Refer to Appendix
IV. ALGORITHMS COMPARE AND SIMULATION ANALYSI
A. Algorithm Complexity Discussion
In order to compare the performance, we offered a exhaustive search algorithm to find the best strategy, set the performance of the best strategy as the performance bound.
Definition 6 Exhaustive search: There exists a center node in the net. It collects all the users' utility and lists all the possible access strategy, compares all the strategy, then gives the maximize system utility strategy to every user.
Theorem 4. What strategy gets from exhaustive search method is the optimal strategy.
Proof: ,  a a A is the output strategy of exhaustive search method, so we can get 
Although we can get the optimal strategy from exhaustive search method, usually we don't use it. First, exhaustive search method needs to find out all the possible strategy, and then find the maximize value, which will lead to the computational complexity increase exponentially with the number of users. Second, the information exchange between center node and user will be huge in a large-scale wireless networks. So it is difficult to realize in both actual operation and theoretical simulation. Now, we compare algorithms among exhaustive search method, subgradient method [22] and SAP algorithm [24] in the amount of computation. Table II shows the compare result. Where [0, 1] dn  represents the degree of node. It is easy to know that the new algorithm has significantly reduced the computational complexity.
B. Simulation Analysis
In large-scale distributed wireless network, the competition relations between users are arbitrary. So we generate the competitive relationship randomly shown in Fig. 1 . We assume that the resources are channels, every user has fixed transmit power 65mW , the transmission speed of channel [0, 1] m i R  distributed randomly. The convergence rate of system capacity between the algorithms is shown in Fig. 3 , when there are 5 channels. We can easily find out that our algorithm can converge quickly to the best system capacity, while subgradient algorithm can only reach 70 percent of the system capacity of ours. The following simulation results only show the final results of exhaustive search method as the performance bound. Fig. 4 shows the system capacity is growing with channel numbers when algorithms' iteration is done. When there are enough channels, our algorithm's system capacity almost equal to the average system capacity with the upper bound. At the same time, SAP algorithm is 0.8 units lower than exhaustive search method. When there is not enough channel resource, our algorithm also can approach to exhaustive search method and 28 percent higher than SAP, 60 percent higher than subgradient method. With the fast development of wireless business, our algorithm has very important advantages and practical significance.
In Fig. 5 , our algorithm still can achieve the satisfaction value quickly, only after several iterations, and the average power utilization exceed 12bit/mW. While the other two algorithms mentioned in this paper can only get larger value after 200 iterations, which is lower than ours.
It is noted form Fig. 6 that our work has relatively higher power utilization rate, and only a bit lower than the method of exhaustion search. However, our algorithm is much higher than subgradient and SAP algorithm, when the channel resource is seldom. Fig. 7 describes that our algorithm can quickly reach and stay on a non-conflict NE point, which is excited for users. Although the other two algorithms can reduce the average system conflict, but they cannot eliminate system conflicts. This is the advantage of our paper.
The comparison result of collision rate when varying the number of channels is shown in Fig. 8 . When the algorithms reach balance in different numbers of channel, our algorithm can realize non-conflict resource access. SAP algorithm can converge to non-conflict Nash equilibrium with a certain probability when there isn't much channel resource, even the learning factor is been considered, SAP can't realize non-conflict channel access. This article has turned the asymmetry information environment into simple graphics game model, so the relation topology was changed from mesh network structure to sparse network structure, which reduced the dimension effectively. We proved that there exists pure strategy Nash equilibrium without conflict in the graphical game presented in this work, and the optimal strategy of the system is pure strategy Nash equilibrium. We also presented a novel resource access algorithm which was proved to be able to converge to non-conflict pure strategy Nash equilibrium. Because the optimal strategy is a pure strategy Nash equilibrium, the algorithm presented in this article converge to the optimal strategy in probability. SAP algorithm only converges to non-conflict Nash equilibrium when the channel resources are quite sufficient; subgradient algorithm converge to a mixed strategies Nash equilibrium. So the algorithm we proposed is better when the resource is seldom in collision, capacity and energy efficiency than subgradient algorithm and SAP algorithm. On the other side, compared with the other two algorithms, the algorithm proposed is provided with positive affect for the system in every strategy updating, which also leads to faster convergence speed. According to (A.1) and (A.7), the user i reach maximum value, so it will not change action in the later iterations. The user j will obtain an equilibrium value in the next iteration. Similarly, the users' regret values are not zero in the same community. Thus, Theorem 3 follows.
